ages (23-82 years) and included patients with no prior medical history as well as patients with complex medical problems. Only 1 of the 10 patients who developed a retroclival hematoma had a prior diagnosis of a pituitary adenoma. The remaining 9 patients presented with apoplexy. Eight of 10 patients received transsphenoidal decompression, with severe or progressing ophthalmoplegia being the primary indicator for neurosurgical intervention. There was no imaging or clinical evidence of mass effect on the posterior fossa contents, such as compression of the basilar artery or deformity of the brainstem. Consequently, retroclival hematoma was not specifically addressed in the patients who underwent surgery.
Due to the extended period of this study, both 1.5-T and 3.0-T MR images were reviewed, and imaging protocols differed slightly with time. However, T1-and T2-weighted sequences, with and without contrast, were available for all patients. Each imaging study was independently reviewed by 2 neuroradiologists (R.I.A. and M.M.M.). All patients underwent MR imaging within 48 hours of clinical symptom onset.
In comparison with the brainstem, retroclival hematoma presented with isointense signals on noncontrastenhanced T1-weighted sequences and heterogeneous enhancement on contrast images. The size and location of the retroclival hematoma was measured in the anteroposterior and craniocaudal dimensions in the sagittal plane on T1-weighted sequences.
results
Based on the MR images, hyperintense retroclival lesions were identified in 10 of 18 patients (56%) (8 men and 2 women; mean age 55 years) on T1-weighted sequences (Table 1) . In all 10 patients, an undulating lesion (various sizes) appeared to extend along the posterior border of the clivus and terminate at the level of the basion. The average size was measured as 3.6 mm × 30.4 mm in the anteroposterior and craniocaudal dimensions. On T1-weighted sequences, the lesions appeared isointense to the brainstem in all 10 patients (100%) (Fig. 1) . Contrast enhancement, as defined by a greater than 10-unit increase in T1 signal, was identified in 9 patients (90%) (Fig. 1) . However, the degree of enhancement was less than that in the adjacent venous structures, thereby making these lesions unlikely to represent engorgement of the basilar plexus. In 4 patients with T2-weighted sequences, the lesion appeared predominantly hypointense to the brainstem in 3 patients (75%). No diffusion restriction was seen on the diffusionweighted images and apparent diffusion coefficient maps (Fig. 2) .
Follow-up imaging was performed in 6 of 10 patients after the resolution of the acute presenting symptoms. The remaining 4 patients did not undergo additional imaging after initial treatment and were instead followed clinically. There was complete resolution of the retroclival lesion on T1-weighted pre-and postcontrast sequences in 5 patients (83%) (Fig. 3) . The size of the original hemorrhages varied from subtle to extensive in the 10 patients included in this series (Fig. 4) . In many cases, direct extension from the sella turcica can be directly seen.
discussion
Retroclival hemorrhage is a very rare imaging finding that most commonly has been described in the setting of trauma. 10, 13, 17, 21 Rare associations with aneurysm rupture
and pituitary apoplexy, 7,14 as well as spontaneous retroclival hemorrhage, 5, 18, 20 have been reported. To the best of our knowledge, 27 case reports of retroclival hemorrhage exist in the literature, and only 2 have been attributed to pituitary apoplexy. In this current series of 18 patients, 10 were found to have retroclival hemorrhage. This is the first study to systematically review a series of apoplexy patients. Some of the hemorrhages in this study were subtle and not identified at the time the MRI was initially read. In other cases, the hemorrhages were large and easily diagnosed. Based on our findings, it is likely that small hemorrhages occur in nearly half of the cases of apoplexy, but are typically ignored for being too subtle. It is important to note that even the large hemorrhages in this series did not require surgical intervention since there were no clinical signs of mass effect on the posterior fossa contents.
The vast majority of cases of pituitary apoplexy occur in the setting of a preexisting pituitary adenoma. In approximately 83% of cases, the adenoma is undiagnosed at the time of presentation. 15, 16 Ninety percent of the patients in this series had undiagnosed pituitary adenomas. The majority of adenomas that undergo apoplexy are nonfunctioning macroadenomas. 17 It is hypothesized that nonfunctioning adenomas are more likely to hemorrhage because they go undetected longer than functioning adenomas and, as a result, are larger at the time of presentation. There is a slight sex predominance toward males (60%), and the average age in surgical series is 50 years. [6] [7] [8] [9] [10] [11] 15, 16 Arita et al. found that over a 5-year follow-up period, pituitary apoplexy developed in 9.5% of patients with known pituitary adenoma.
1
Sudden onset of headache is present in approximately 89% of cases and nausea in 57% of cases. Fifty percent of patients also experience various forms of ophthalmoplegia, including diminished visual acuity, visual field defects, or diplopia. [6] [7] [8] [9] [10] [11] [12] [13] [14] In our series, all patients reported experiencing headache, and all but 1 patient had ophthalmoplegia of some kind. The recommended management-either conservative medical treatment 19 or surgical decompression 4, 19 -remains controversial depending on the presence of associated cranial nerve palsies and level of consciousness. Typically, the presence of ophthalmoplegia is the determining factor for determining which patients receive transsphenoidal surgical decompression.
The presence of retroclival hemorrhage within a specific compartment cannot be accurately determined based solely on the imaging appearance. Traditionally, an epidural location has been inferred; however, the dura mater overlying the clivus is unique in that it is composed of a 2-layered structure that contains the basilar venous plexus.
2,9,16 Thus, the term "interdural" has been suggested to describe this anatomical location. 15, 16 The convex appearance of the retroclival hemorrhage in our series is suggestive of a subdural location, in which blood is located between the dura mater and the anterior prepontine membrane.
2,12,15 In several cases included in this series, a linear enhancing structure was present along the clivus that was separate from the hemorrhage, and likely represented the dura. In addition, the anatomical location of these hemorrhages may account for the complete resolution in the majority (83%) of the patients on follow-up imaging, due to the rich superior and inferior petrosal venous network that communicates with the subdural space.
2,8
The major differential consideration for retroclival hemorrhage is engorgement of the basilar venous plexus. Although mild enhancement within the hemorrhages was seen, it did not extend to the adjacent venous structures, thereby making the cases in this series unlikely to represent venous plexus engorgement. In multiple patients, there was a clear elevation of the dura that extended from the clivus and was continuous with the diaphragma sella. Therefore, the most likely pathophysiology for the hemorrhage was direct extension from the sella. The differential diagnosis for a retroclival hemorrhage is relatively short and straightforward. Retroclival hemorrhage most commonly occurs in the setting of trauma, in which injury to the skull base or cervicocranial injury is to be expected. Diagnosing retroclival hemorrhage in association with pituitary apoplexy is greatly aided by the unique appearance of apoplexy. A retroclival abscess may have imaging findings similar to subacute hemorrhage; however, the clinical settings for each are different. Diseases that thicken the meninges, such as carcinomatosis or granulomatous disease, may mimic focal hemorrhage, but the distributions of these are much more diffuse and would rarely be isolated to the retroclival meninges. Finally, intracranial hypotension due to cerebrospinal fluid leakage can cause engorgement of the retroclival plexus, mimicking hemorrhage. In such cases, other intracranial signs of hypotension, such as venous sinus engorgement and pachymeningeal enhancement, are typically present and can be used to aid diagnosis. conclusions Pituitary apoplexy is rare, but the majority of cases presented here (10 of 18 patients) appear to be associated with retroclival hemorrhage, thereby suggesting that retroclival hemorrhage maybe more common than previously thought. 
